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EFFECTS OF CORTISONE ADMINISTRATION ON CUTANEOUS
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In assessing the effects of the administration
of hormones to animals, little attention has
been devoted to possible differences in hormonal
action on various aged animals. Since the endo-
genous production of at least certain hormones
changes with age, it is necessary, in order to
obtain a complete evaluation of hormonal action,
to investigate the results of hormone treatment
on animals of different ages.
An immediate cessation of a normal increase
in the skin hexosamine content (a measure of
mucoprotein and mucopolysaccharide content),
in contrast to a continued apparently normal
skin collagen metabolism through at least 4
days of cortisone treatment in young adult male
rats has previously been reported (1). The present
report compares the effects of an equal dosage
of cortisone, based on animal body weight, on
the cutaneous content of collagen and hexosamine
in different aged male rats. Skin collagen and
bexosamine contents of various aged normal rats
have previously been reported by other workers
(2, 3).
EXPERIMENTAL PROCEDURE
Three separate experiments with different aged
Roltzman strain male rats were performed. All
experiments were conducted on groups of 6 weight-
matched animals selected to be sacrificed on
1 day. One-half of the groups of each age investi
gated received 10 mgs. of cortisone acetate per
kilogram of initial body weight intramuscularly
daily. All animals were fed Purina Chow and tao
water ad libiturn.
Groups of untreated (control) and cortisone-
treated animals of each age group (weanling,
young adult, and adult, 27 days, 65 days and
1 year, 75, 256 and 467 gms. initial age and average
weights respectively) were sacrificed 1, 4, 7, 14 and
21 days following the start of cortisone injections
except for the young adult animals for which the
experiment was terminated after 14 days.
The entire skins except for the face, paws and
tail were removed from each rat and processed
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and analyzed for hexosamine and collagen as pre-
viously reported (1) with the following 2 modifica-
tions. The skin samples from the 6 weanling ani-
mals in each experimental group were pooled
prior to analysis in order to obtain adequate
tissue for all analytical procedures utilized (the
samples were subjected to additional studies not
contained in the present report). Determinations
of cutaneous hexosamine and collagen were made
on duplicate aliquots of each pooled skin sample.
Hydroxyproline (a measure of collagen content) in
the sulfuric acid hydrolyzates of the skin samples
was determined colorimetrically principally by
the Prockop and Undenfriend method (4) instead
of by the Leach modification of the Neuman-Logan
method (5). The 2 methods for the determination
of hydroxyproline give identical quantitative
results but the Prockop and Undenfriend method
is analytically advantageous in that it is more
sensitive and gives a more reproducible standard
curve.
RESULTS
In each of the 3 age groups investigated, the
body weights of the cortisone-treated rats, as
compared to control animals, were decreased
(Fig. 1). The cortisone-treated weanling rats
lost body weight through the 4 day experimental
period, and then gained weight during the
remainder of the cortisone treatment, although
at a slower rate than control animals. The body
weights of the cortisone-treated young adult
rats decreased gradually, but consistently
throughout the entire period of observation (7%
weight loss, 14 days) while control young adult
rats gained weight steadily (29% weight gain,
14 days). Adult cortisone-treated animals lost
more weight (15%, 21%, weight loss 14, 21 days)
than the cortisone-treated young adult rats.
The body weights of the adult control animals
did not change significantly. The differences
observed between the body weights of the
cortisone-treated and corresponding control
rats for both weanling and young adult animals
are statistically significant within the 1 % level
of confidence at all experimental periods from 4
through 21 days. In adult animals, a similar level
of confidence for the difference in body weights
between control and cortisone-treated animals
was not reached until the 14 day observation.
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Since the cortisone-treated weanling rats
gained body weight after 4 days of hormone
administration, while the young adult and adult
rats continued to lose body weight throughout
the experiment, it might be concluded that the
administration of cortisone had a lesser effect on
the body weight of the weanling animals. The
body weights of the cortisone-treated weanling,
young adult and adult animals, as a per cent of
the body weights of the control animals, after 1,
4, 7, 14 and 21 days on experiment were 95, 67,
75, 70, and 65; 100, 93, 82, 70 and - - .*; 100, 94,
87, 85 and 75, respectively. The per cent decrease
in the body weights was initially greater (through
7 days on experiment) in the cortisone-treated
weanling rats and was at least as great as that of
young adult and adult animals at each experi-
mental period.
The quantity of collagen per skin for the
various experimental groups is presented in Fig.
2. The amount of collagen in the skin of the
cortisone-treated weanling rats increased between
each experimental observation, although the
increment of increase was less than that of the
control animals. In the cortisone-treated young
adult rats, the skin collagen content was similar
to that of control animals through 7 days on
experiment and from 7 to 14 days the cutaneous
collagen content of the cortisone-treated young
adult rats remained constant, while that of the
control animals continued to increase. The
difference between the skin collagen contents
of the young adult control and cortisone-treated
* Dashes indicate no data for the day.
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Fm. 2: Total skin collagen content of control
and cortisone-treated weanling, young adult and
adult male rats.
rats at 14 days was statistically significant within
the 1 % confidence level. The collagen per skin
of the adult cortisone-treated rats was not
statistically significantly decreased from that.
of control animals until the 21 day experimental
period (P within 5% confidence level).
The collagen content per skin of the cortisone-
treated animals as a per cent of that of the con-
trol animals for weanling, young adult and adult
rats after 1, 4, 7, 14 and 21 days on experiment
was 89, 82, 75, 76 and 61; 104, 99, 96, 76 and
-
- *; 94, 96, 90, 89 and 77, respectively. The
per cent decrease in skin collagen content was
initially greater (through 7 days on experiment)
in the cortisone-treated weanling rats and was.
at least as great as that of the young adult and.
adult animals at each experimental period.
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Fm. 1: Body weights of control and cortisone-treated weanling, young adult and adult male rats.
Vertical lines represent standard errors of the means.
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Skin collagen of the control and cortisone-
treated weanling rats after 1, 4, 7, 14 and 21
days on experiment represented 0.45, 0.48, 0.62,
0.70, 1.07; and 0.42, 0.58, 0.59, 0.76, 1.00% of
the body weight, respectively. In weanling rats,
the fraction of body weight comprised of skin
collagen thus was similar in the control and
cortisone-treated animals. In the young adult
and adult cortisone treated animals, skin collagen
was a greater fraction of the body weight at
certain experimental periods. In the young adult
animals, since the skin collagen of the cortisone-
treated animals was similar to that of the control
rats through 7 days of treatment, while the body
weights of the control animals increased and the
body weights of the cortisone-treated animals
decreased slightly, a resulting higher fraction
of body weight as skin collagen occurred in the
cortisone-treated young adult animals up to 7
days on experiment (4 and 7 days, control and
cortisone-treated 1.02, 1.24, and 1.38, 1.31 %
respectively). The body weights of the adult
cortisone-treated rats decreased at a faster rate
than the skin collagen decreased during the first
14 days of cortisone administration. Therefore
through 14 days on experiment a slightly greater
portion of the body weight was comprised of
skin collagen in the adult cortisone-treated
animals than in adult control animals (control,
cortisone-treated, 4, 7 and 14 days, 1.43, 1.47,
1.44, and 1.61, 1.54, 1.58 % collagen respectively).
In weanling, young adult and adult control
rats, body weights 75, 300 and 475 gms., skin
collagen represented 0.45, 1.2 and 1.5% of the
body weight, respectively. This increase in
cutaneous collagen with age and body weight,
as a fraction of the body weight of rats, is in
agreement with previous reports (2, 3).
In Fig. 3, the hexosamine content of the skin
of the various experimental groups is given. The
skin hexosamine content of the cortisone-treated
weanling rats decreased through the 4 day
experimental period, was unchanged during 4
to 7 days of cortisone treatment, and then
increased, although at a slower rate than con-
trol animals, during the remainder of the experi-
ment. The skin hexosamine of the young adult
and adult cortisone-treated rats decreased
initially, both also continued to decrease through-
out the remainder of the experimental period.
The decrease in the skin hexosamine content of
the cortisone-treated young adult rats from 1 to
14 days on experiment and of the cortisone-
treated adult rats from 4 to 21 days was statis-
tically significant within the 5% and 1% con-
fidence levels, respectively.
The hexosamine per skin of the cortisone-
treated animals as a per cent of that observed for
the control animals after 1, 4, 7, 14 and 21 days
on experiment for weanling, young adult and
adult rats was 96, 52, 51, 58 and 58; 92, 79, 79,
62, and - - -;- - -. 90, 78, 72 and 65, respectively
The skin hexosamine of the weanling cortisone-
treated rats, therefore, initially decreased more
from control values (through 7 days of treat-
*Dashes indicate no data for the day.
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Fie. 3: Total skin hexosamine content of control and cortisone-treated weanling, young adult and
adult male rats.
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ment) than that of young adult and adult corti-
sone-treated animals. However, after the large
initial decrease from control values, the skin
hexosamine of the cortisone-treated weanling
rats did not drop to a lower fraction of the con-
trol levels upon further cortisone administration
The cortisone-treated young adult and adult
animals continued to lose skin hexosamine,
relative to the control animal content, and thus
after 14 to 21 days of cortisone treatment, the
per cent decrease in the skin hexosamine of the
three cortisone-treated groups was similar.
In each of the 3 age groups studied, the skin
hexosamine content was decreased propor-
tionally more than body weight by the cortisone
treatment. Milligrams of hexosamine X 10/grams
of body weight for cortisone-treated and con-
trol weanling rats after 1, 4, 7, 14 and 21 days
on experiment was 0.70, 0.68, 0.61, 0.80, 1.01,
and 0.73, 0.74, .91, 0.96, 1.14 respectively.
Similar values for cortisone-treated and control
young adult rats after 1, 4 and 14 days were 0.86,
0.76, 0.76, and 0.93, 0.86, 0.91 respectively In
adult rats, the results expressed in the same
manner gave a constant value of 0.91 for con-
trol animals and values of 0.93, 0.83, 0.79 and
0.78 for cortisone-treated animals after 4, 7,
14 and 21 days respectively. The skin hexosamine
content per gram of body weight in the cortisone-
treated weanling rats was thus decreased more
initially, relative to body weight, than that of
young adult or adult animals.
In the control animals at body weights greater
than 100 gms., the quantity of hexosamine per
skin per gram of body weight, with 1 exception,
was similar (0.086—0.096 mg. of skin hexosamine/
gm. of body weight). At body weights of less
than 100 gms., skin hexosamine constituted a.
lower fraction of the body weight (0.073—0.074
mg. of skin hexosamine/gm. of body weight).
In the present study, the tissues were not
handled in a manner which permits accurate
expression of the results based on wet tissue
weight. Certain approximations, however, are
possible. In contrast to the skin collagen content,
the skin hexosamine per gram of wet tissue did
not vary with age. The values of 0.9—1.2 mg. of
hexosamine per gram of wet skin were within
the same range for both control and cortisone-
treated groups of each age group studied.
Murray, Watts and Ring (3) have reported no
change with age in the hexosamine content of
dry fat-free rat skin. Kao, et at. (2) observed
slight, but significant, decreases in the skin
hexosamine of rats with age. The results of Kao,
et at are expressed on wet tissue weight and are
similar to those observed in the present study
except for the age difference.
The hexosamine-collagea (H/C) ratios of the
various experimental groups are given in Fig. 4.
In each of the age groups investigated, a.
decreased H/C ratio resulted from cortisone
administration. In the cortisone-treated weanling
rats, a rapid drop in the H/C ratio through the
rdi1
b.Cortisone:
-
\ •___——.&___
'S
'S
'S
weanling ———........ a•0'S'0
____.Q b
------: :° -
Ladult
I I
4 7 14 21
Days On Experiment
Fm. 4: Hexosamine-collagen ratios of control and cortisone-treated weanling, young adult and
adult male rats.
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7 day experimental period followed by no change
through 21 days of cortisone treatment was
observed. The H/C ratio of the control weanling
rats decreased linearally throughout the experi-
ment. The H/C ratio of the cortisone-treated
young adult rats decreased sharply through 4
days of treatment and then remained constant
through 14 days of observation. The H/C ratio
of the control young adult rats decreased more
gradually than the cortisone-treated animals
during the first 7 days on experiment but at the
7 and 14 day observations, the H/C ratio of the
control and cortisone-treated young adult rats
were similar. In adult control animals the H/C
ratio was constant. The H/C ratio of the corti-
sone-treated adult rats decreased through 7 days
of treatment, but was then constant for the
remainder of the experiment.
The H/C ratios in the cortisone-treated wean-
ling rats, expressed as a per cent of the control
values, decreased through 7 days on experiment
and then returned towards normal at subsequent
observations (cortisone-treated H/C ratios 106,
77, 68, 76 and 88 % of control H/C ratios at 1, 4,
7, 14 and 21 days respectively). In young adult
and adult cortisone-treated rats, expression of
the H/C ratios as above showed an initial
decrease followed by slight or no tendency
towards recovery to normal ratios (young adult,
cortisone-treated H/C ratios 89, 78 and 81% of
control H/C ratios after 1, 4 and 14 days; adult,
cortisone-treated H/C ratios 97, 88, 82 and 85%
of control H/C ratios after, 4, 7, 14 and 21 days).
Decreasing H/C ratios with increasing age in
rats (2, 3) and decreased H/C ratios resulting
from prolonged administration of cortisone to
rats (6) and corticosteroids to humans (7) have
previously been reported. Age differences in
cortisone effect were not discussed in the latter
studies (6, 7).
DIscussIoN
Four factors, body weight, collagen per skin,
hexosamine per skin and the hexosamine-
collagen ratio, relative to the effect of cortisone
on different aged rats have been examined. In
relation to each of the 4 factors, when the values
from the cortisone-treated animals were expressed
as a per cent of the control values, the initial
effect (through 7 days of cortisone administra-
tion) of hormone treatment was greater in wean-
ling animals than in young adult or adult rats.
The difference in the initial effect of hormone
administration on young adult and adult animals
was inconsistent although by 14 days of cortisone
treatment, the effects, as measured by the values
from the cortisone-treated animals as a per cent
of the control animal values, were more severe
in young adult than in adult rats except for the
H/C ratios, which were equal. In making com-
parisons of relative hormonal effect which
involve different aged and growing animals,
this investigator considers that the degree of
change from control values is of greater signifi-
cance than whether a net increase or decrease
in the quantity of a substance occurs in the
hormone-treated animals.
A further difference in response to cortisone
administration with age was observed upon
examination of the H/C ratios during the later
experimental intervals (14 and 21 days of corti-
sone treatment). Mucopolysaccharides are known
to be associated with collagen fibers and are
presumed to contribute to their stability. A
decreasing H/C ratio indicates a probable
decrease in the quantity of the mucopolysac-
charides relative to collagen and thus a decrease
in substance contributing to fiber stability. In
the weanling rats, after a large decrease in the
H/C ratio as a per cent of the control H/C ratio
through 7 days of cortisone treatment, a return
towards a normal H/C ratio was observed at
each of the next 2 experimental periods. Thus
although, compared to control animals, no
tendency towards return to a normal quantity
of cutaneous collagen or hexosamine was noted
in the weanling rats, there was a change in the
direction of a normal ratio of these 2 substances
being present in the skin. A similar return
towards a normal H/C ratio was not observed
in the young adult and adult animals. This
difference in response to cortisone treatment
with age may be of particular importance during
longer cortisone treatment than utilized in the
present study.
SUMMARY
Body weights, collagen per skin, hexosamine
per skin and cutaneous hexosamine-co]lagen
ratios were determined in normal and in corti-
sone-treated (1—21 daily injections) weanling,
young adult and adult male rats. Cortisone
administration resulted in decreased body
weights and within variable periods of hormone
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treatment, impaired cutaneous collagen and
hexosamine metabolism in each of the 3 age
groups studied. Quantitative differences in the
response of the different age groups to cortisone
treatment were interpreted to indicate a greater
initial effect of cortisone (within 7 days of daily
cortisone administration) in weanling rats as
compared to young adult and adult animals.
Differences in response of young adult and adult
cortisone-treated animals were not present
until after 14 days of daily cortisone treatment,
at which time a greater effect on the young adult
animals was evident.
REFERENCES
1. SMITH, Q. T.: Quantitative studies on cuta-
neous collagen, procollagen and hexosamine
in normal and cortisone treated rats. J.
Invest. Derm., 38: 65, 1962.
2. KAO, K. Y. T., HILKER, D. M. AND MCGAVACK,
T. H.: Connective tissue III. Collagen and
hexosamine content of tissues of rats of
different ages. Proc. Soc. Exp. Biol. Med.,
104: 359 1960.
3. MURRAY, B. H., WATTS, W. R. AND RING, J.R.:
Hexosamine and hydroxyproline concentra-
tions in skin and buecal mucosa of an aging
rat population. J. Geront., 16: 17, 1961.
4. PROCKOP, D. J. AND TJDENFRIEND, S.: A specific
method for the analysis of hydroxyproline in
tissues and urine. Anal. Biochem., 1: 228,
1960.
5. LEACH, A. A.: Notes on a modification of the
Neuman and Logan methods for the deter-
mination of hydroxyproline. Biochem. J.,
74: 70, 1960.
6. S0BEL, H. AND MARMORSTON, J.: The effect of
cortisone on the collagen and hexosamine
content of the skin and femurs of one year old
rats. Endocrinology, 55: 21, 1954.
7. WRIGHT, E. T., SOBEL, H. AND NELSON, N. H.:
Hexosamine-collagen ratio of skin biopsies in
patients receiving systemic corticosteroids.
Proc. Soc. Exp. Biol. Med., 103: 117, 1960.
ADDENDUM
Since the preparation of this manuscript,
Sethi, Ramey and buck (Proc. Soc. Exptl.
Biol. Med. 108:74, 1961) have reported upon
the "Effects of Age upon Dermal Response to
Adrenal Hormones." Under their experimental
conditions, the above workers observed that
total dermal collagen concentration was increas-
ingly depressed from normal with increasing
age in response to 7 days of treatment with both
cortisol and desoxycorticosteroid. Whether the
apparent difference in age response of dermal
collagen to cortisone, as found in the present
study, when contrasted to cortisol and desoxy-
cortieosteroid is a true hormone difference or is
due to variable experimental conditions, such as
hormone dosage, will require further investiga-
tions to answer. In this regard, it is well to
emphasize that Sethi, Ramey and buck studied
"young," "mature" and "aged" animals while
in the present study the youngest group of
animals were "weanling" while the oldest group
could not be described as "aged."
Sethi, Ramey and buck propose that the
primary effect of adrenal hormones upon the
chemistry of the skin is to decrease total and
insoluble dermal collagen concentration. This
follows from their observation that cortisol and
desoxycorticosteroid reduce total collagen con-
centration in all age groups while changes in
total hexosamine and ground substance with
hormone administration seem to depend largely
upon the age of the animal. The results of the
present work with cortisone indicate iii con-
trast that with this substance the primary effect
may be upon the ground substance since the
hexosamine per skin decreases during the early
periods (through 7 days of treatment) more
rapidly than collagen per skin in each age group
studied.
